跳水現象における構造転移の研究 (非線形・大自由度の波動現象の数理) by Yokoi, Kensuke & Xiao, Feng
Title跳水現象における構造転移の研究 (非線形・大自由度の波動現象の数理)
Author(s)Yokoi, Kensuke; Xiao, Feng




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University








1: . – . ,
(Ethylene glycol )
. (a), $(\mathrm{I}_{3})$ Type I, Typc II .
, .
[1, 2, .3, 4, .5, 6, 7, 8, 9, 10]. , –
, , , ( ) ,
. , .
, $d$ ( 1) ,
. , $0$
, , Type I( 1 $(\mathrm{a})$ ), . ,
1152 2000 146-155 146
$\mathrm{T}.\backslash _{1)\mathrm{e}}^{\tau}$ I ,








, Type II ,
. 10 ,
, – . ,
, .
, .
, , - Scaling re-












$\backslash \grave{\mathit{1}}arrow\neq$ (Cubic interpolated propagation, $\mathrm{C}_{0}^{\mathrm{t}}\mathrm{m}\mathrm{b}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{d}$ Unified Procedure) [12], Interface
tracking , Level set $[13, 14]$ , , $\mathrm{C}^{\mathrm{t}}\mathrm{S}\mathrm{p}$
(C’ontinuum Surface Force) [1.5] . $\mathrm{C}^{\mathrm{t}}$ -CUP ,
, . ,
(Roller ) . , Level







$\frac{\partial\rho}{\partial t}+(\mathrm{u}\cdot\nabla)\rho=-\rho\nabla\cdot \mathrm{u}$ , (1)
$. \frac{\partial \mathrm{u}}{(?t}+(\mathrm{u}\cdot\nabla)\mathrm{u}=-\frac{\nabla q_{J}}{\rho}+\mathrm{g}+\frac{\{l}{\rho}/\Delta \mathrm{u}+\frac{\mathrm{F}_{\mathrm{s}\mathrm{v}}-}{\rho}$ , (2)
$. \frac{\partial e}{(?t}+(\mathrm{u}\cdot\nabla)e=-\frac{p}{\rho}\nabla \text{ }\cdot \mathrm{u}$ , (3)
, $\rho$ , $\mathrm{u}$ , $\mathrm{P}$ , $\mathrm{g}$ , $l^{\ell}$ , $\mathrm{F}_{\mathrm{s}\mathrm{v}}$ , $e$
. , , .
2.2
C-CUP , Advection part Non advection part
.
1. Advection part:
$\frac{\partial p}{\partial t}+(\mathrm{u}.\cdot\nabla)\rho=0$ , (4)
$‘ \frac{(?\mathrm{u}}{\partial t}+(\mathrm{u}\cdot\nabla)\mathrm{u}=0$ , (.5)
$\frac{\partial e}{\partial t}+\langle \mathrm{u}\cdot\nabla$ ) $e=0$ . (6)
2. Non advection part:
$\frac{\partial\rho}{\partial t}=-\rho\nabla\cdot \mathrm{u}$ , $(\overline{(})$
$\frac{\dot{c})\mathrm{u}}{\partial t}=-^{\underline{\nabla p}}+\mathrm{g}+\frac{l^{l}}{\rho}/\Delta \mathrm{u}+\frac{\mathrm{F}_{\mathrm{s}\mathrm{V}\mathrm{c}}}{\rho}$, (8)
$. \frac{\partial e}{(?t}=-\frac{p}{\rho}\nabla\cdot \mathrm{u}$ . (9)
, Advection part Non-advection part
. Advection part , $\mathrm{C}^{\mathrm{t}}.\mathrm{I}\mathrm{P}$
(Ciubic Interpolated Propagafion) [16] . Non-advection part ,
, hnplicit scheme
CUP . $C_{s}^{\mathrm{t}2}=\partial p/\partial p$ ,
.
$\frac{\partial p}{\partial t}=c_{s}^{t2}\frac{\dot{(})_{\rho}}{\partial t}$ (10)
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(7) (10)
$\frac{\partial p}{\partial t}=-\rho C_{S}^{2}’\nabla\cdot \mathrm{u}$ . (11)
. , (7), (8), (11) .





$\frac{p^{n+1}-p^{*}}{\triangle t}=-\rho C_{s}^{2}\nabla\cdot \mathrm{u}^{**}$. (15)
$*$ Advection part . , (13) (15)
, Poisson .
$\nabla\cdot(\frac{\nabla p^{n+1}}{p})=*\frac{p^{n+1}-p^{*}}{\rho^{*c_{s^{2}}}\triangle t^{2}}.+\frac{\nabla\cdot \mathrm{u}^{*}}{\triangle t}$ . (16)
(16) , .
, $P^{n+1}$ (12), (13), (14) $\mathrm{u}^{n+1},$ $\rho^{n+1}$
.
2.3 Iilterface tracking
Level set , , Level set $\psi$ .
Level set. $\psi>\mathrm{U}$ , $?\mathit{1}^{\mathrm{t}}<0$ ,
$|\nabla_{l^{\prime \mathrm{t}},}|=1$ , (17)
. , Zero level set $?l’=0$ .
$\mathrm{L}\in_{-}^{1}\backslash \cdot \mathrm{e}\mathrm{l}$ set
$. \frac{(J\iota)}{\partial\dagger}-+(\mathrm{u}\cdot\nabla)l_{t}^{1^{l}})=\mathrm{U}$ . (18)
, CIP [16] .
, $C$ ’( - Level set
. , (19) Level set
.




$(\uparrow t’)$ . (20)
Level set $\mathit{0}$ .
$\overline{o}=H!$ $(-1_{+}’’)$ , (21)
$H$ $(\tau_{t}’’)=$
$0$ if $l_{arrow}’’,$ $<-O$
$\frac{1}{2}[1+\not\subset\overline{\mathrm{c}}\backslash +\frac{1}{\Gamma \mathrm{t}}.-\backslash -.i?7(\frac{\mathrm{T}1^{^{}}}{\mathrm{c}\lambda},, )]$ if $|?l’|\leq \mathit{0}$ (22)





, $\sigma$ , $’\backslash$ . $t\backslash$
$h$
. $=-(\nabla\cdot \mathrm{n})$ , (24)
, $\mathrm{n}$ . $\mathrm{n}$ , Level set
$\mathrm{n}=\nabla\uparrow l’$ . (25)
.
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$\}.j\sim q^{\frac{5}{8}}\iota \text{ ^{}-}\frac{3}{8}g^{-}\frac{1}{8}$. , (26)
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$\rho_{l}=1110$ $\mathrm{k}\mathrm{g}/\mathrm{m}^{3},$ $\rho_{g}=1.2\mathrm{k}\mathrm{g}/\mathrm{m}^{3}\nu_{l}=7.6\cross 10^{-6}\mathrm{m}^{2}/\mathrm{s},$ $\nu_{g}=15.0\cross 10^{-6}$
$\mathrm{n}1^{\underline{9}}/\mathrm{s}\sigma=4.5\cross 10^{-2}\mathrm{N}/\mathrm{m}$ and $Q=2\overline{l}\text{ }/\mathrm{s}$ . , $Q$ Volume flux
(27i-r $\int_{0}^{h}\iota\ell d^{-}-,$ $f_{\overline{l}}$ ) .
4: $(\cross)$ Scaling relation ( ) . (a), (b)
$c_{\mathit{1}},$
$\nu$ . (a) $l\ovalbox{\tt\small REJECT}=1.0\cross 10^{-5}\mathrm{m}^{2}/\mathrm{S}$, (b)
($:\mathit{1}=0.\mathrm{c}\mathrm{J}\cross 10^{-6}\mathrm{m}^{3}/\mathrm{s}$ .
151
. , $c_{\mathit{1}}= \frac{Q}{27\ulcorner}$ . Scaling relation ,
- . 4 , Scaling relation





5: $d$ . $Q=5.6\mathrm{m}\mathrm{l}/\mathrm{s}$ ,
$\nu_{l}=7.6\cross 10^{-6}\mathrm{m}^{2}/\mathrm{s}$ .
Type I, Type II . 6 ‘ Steady state of
TyPe $\mathrm{I}$” “Steady state of TyPe $\mathrm{I}\mathrm{I}$”\iota , 5
.
.
, TyPe I TyPe II
. TypeA I ,
. 6 .
, $t=0.29\mathrm{s}$ , $\mathrm{T}.\backslash .\gamma 1$ ) $\mathrm{e}$ II
. , ( – ) .
7 . , ,
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$\mathrm{T}\}^{\gamma}\mathrm{p}\mathrm{e}$ II $[1\mathrm{U}]$ .
152










. , Type I
( 8). , .
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[10].
6
C-CUP , Level set , CSF ,
. ,
, .
1. Lord Rayleigh, Proc. Roy. Soc. London A 90, 324 (1914).
2. I. Tani, J. Phy. Soc. .Ipn. 4, 212 (1949).
3. E. J. Watson JL Fluid. Mech. 20, 481 (1964).
4. A. D. D. Craik et al., J. Fhtid. Mech. 112, 347 (1981).
5. T. Bohr, P. Dimon, and V. Putkaradze, J. Fluid. Mech. 254, 635 (1993).
154
6. T. Bohr et $\mathrm{a}.1$ , Physica $\mathrm{B}228,1$ (1996).
7. T. Bohr, V. Putkaradze, and S. Watanabe, Phys. Rev. Lett. 79, 1038 (1997).
8. C. Ellegaard et. al., Nature 392, 767 (1998).
9. C. Ellegaard et al., Nonlinearity 12, 1(1999).
10. K. $\mathrm{Y}^{r}\mathrm{o}\mathrm{k}_{0}\mathrm{i}$, and F. Xiao, Phys. Lett. A 257, 153 (1999).
11. $l^{r}’$ . T. $\mathrm{C}^{\mathrm{t}}\mathrm{h}\mathrm{o}\mathrm{W}$ , Open channel $\mathrm{h}.\backslash ^{\tau}\prime \mathrm{d}\mathrm{r}\mathrm{a}n1\mathrm{i}_{\mathrm{C}},$ McGraw-Hill, New York, 1959.
12. T. $\mathrm{Y}^{r}\mathrm{a}.1$) $\mathrm{e}$ , ancl P. Y. lVang. J. Phy. Soc. Jpn. 60, 2105 (1991).
13. S. Osher, and J. A. Sethian, J. Ciomput. Phys. 79, 12 (1988).
14. M. Sussman, P. Smereka, and S. Osher, J. Comput. Phys. 114, 146 (1994).
15. $\mathrm{J}.\mathrm{U}$ . Brackbill, $\mathrm{D}.\mathrm{B}$ . Kothe, and C. Zemach, J. Comput. Phys. 100, 335 (1992).
16. T. Yabe et al., Ciomput. Phys. Commun 66233 (1991).
155
